Histopathological examinations were carried out on femaie DBA/2N and CD·l mice which were autopsied 4 and 12 weeks after six daily intraperitoneal injections of streptozotocin (SZ). Histopathological changes related to SZ treatment were found in the pancreas, liver and kidneys. Little difference was observed between the two strains in the histological changes of the pancreas (a decrease in size of the islets, and degranulation and a decrease in the number of B cells) and liver (hypertrophy of hepatocytes and cytoplasmic invagination into hepatocyte nuclei). With regard to the changes in the kidneys, DBA/2N mice showed characteristic inclusions positive to periodic acid-Schiff reagent in the distal tubule epithelial cells, while CD-l mice showed remarkable luminal dilatation and epithelial cell deformation of distal tubules. SZ-induced diabetes had no innuence on the development of spontaneous cardiovascular lesions in DBA/2N mice under the present experimental conditions.
Streptozotocin (SZ), which was originally developed as an antibiotic and antitumour agent, is now widely used to induce insulin-dependent diabetes mellitus in rodents because of its toxic action on islet B cells (Like et al., 1978) . However, it is also known that SZ has acute toxic effects on many organs in some animal species (Levine et al., 1980) and leads to delayed-type renal toxicity in rats (Rakieten et al., 1968; Okawa & Doi, 1983) . This suggests that full attention should be paid to histopathological changes in other organs as well as the pancreas when SZ-treated animals are used for studies on diabetes. There are only a few reports, however, on the systemic histopathology of SZ-induced diabetic animals (Arison et al., 1967) . Moreover, there is no reference to the intluence of SZ-induced diabetes on spontaneous cardiovascular lesions, although it is generally said that diabetes accelerates the progression of existing cardiovascular lesions in humans.
In this paper we report the histopathology of the main organs in SZ-induced diabetic DBA/2N and CD-l mice and the influence of hyperglycaemia on the development of spontaneous cardiovascular lesions in DBAl2N mice (Doi et al., 1985; Maeda, Doi & Mitsuoka, 1986) up to 12 weeks after SZ treatment.
Materials and methods 43 female DBA/2NCrj (DBA/2N) mice weighing 10-14 g each and 20 female CRJ:CD-l (CD-I) mice weighing 17-21 g each were obtained from Charles River Japan Inc., Atsugi, Kanagawa, at 4 weeks of age. The mice were housed in an animal room at a temperature of 23 ± 2°C with a relative humidity of 55 ± 5% and were fed CRF-l (Charles River Japan Inc.) and water ad libitum.
At 5 weeks of age, 23 DBA/2N and 10 CD-l mice received SZ at 50 mg/kg of bodyweight per day for six consecutive days. SZ (Sigma Chemical Company, St. Louis, MO, USA) was dissolved in citrate buffer (pH 4·5) immediately before daily intraperitoneal injection. The remaining mice of each strain received citrate buffer alone in the same way and served as controls. Bodyweight and food and water intake for 24 h were measured weekly throughout the experimental period.
About half of the SZ-treated and control mice of both strains were killed by heart puncture under ether anaesthesia 4 weeks after completion of the SZ injections (4WAI) and the rest were killed 8 weeks later (12WAI). The main organs (pancreas, liver, kidneys, heart, aorta, lungs and spleen) were fixed in 10% neutral buffered formalin, and 4 ftm paraffin sections were cut and stained with haematoxylin and eosin (H&E). Some sections were also stained with aldehyde-fuchsin, periodic acid-Schiff (PAS) or Weigert's resorcin-fuchsin.
Blood glucose levels were calorimetrically measured on each serum sample using the Glucose C-test kit (Wako Pure Chemical Industries Ltd., Osaka, Japan). 
Pathology of SZ-treated mice Results

Mortality
One of the 23 SZ-treated DBAJ2N mice died 8 weeks after completion of the SZ injections (8WAI).
Body weight
There was no significant difference in bodyweight gain between the control and the SZ-treated group of either strain except for a transient depression in DBAJ2N mice during the few days after the last SZ injection. The final average bodyweights were 23·4 g and 23·5 g in DBAJ2N mice and 33·9 g and 34·0 g in CD-l mice for the control and the SZ-treated groups respectively.
Food and water intake
As shown in Fig. 1 , for both strains the intake of food and water increased in the SZ-treated group.
In particular there was a noticeable increase in water intake. This increase appeared earlier and was more marked in CD-l mice than in DBA/2N mice.
Blood glucose level
The changes in blood glucose levels are shown in Fig. 2 . Blood glucose levels were significantly elevated at 4WAI in both strains but especially in CD-l mice. At 12WAI a further elevation in blood glucose level was recorded, and the level was about 650 mg/dl on average in both strains. However, wide individual differences in blood glucose level were noticed in DBA/2N mice (Fig. 2) . .>:: At 12WAI, cytoplasmic invagination into a swollen nucleus was found sporadically among hypertrophied hepatocytes in some markedly hyperglycaemic mice of both strains (Fig. 5 ). Moreover, phagocytosis of yellowish brown pigments by Kupffer's cells was generally seen in the livers of SZ-treated mice. inclusions appeared in the nuclei and/or cytoplasm in a maximum of three cells per epithelium of some distal tubules (Fig. 6 ). Epithelial cells with P ASpositive inclusions were generally swollen and sometimes protruded into the lumen. In the distal tubules of CD-l mice, epithelial cells were deformed and the luminal space was dilated, and intranuclear and/or intracytoplasmic PASpositive inclusions were rarely found. These dilated tubules showed the localization characteristic of the original distal tubules in the cortex and were generally lined by cuboidal epithelium without brush borders. in some portions of which swollen and deformed cells were detected. Deformed cells with an enlarged nucleus were also observed sporadically in distal 'tubules not showing luminal dilatation. Furthermore, in SZ-treated CD-l mice at 12WAI, a piled-up appearance or a high columnar cell transformation of epithelial cells was observed in various parts of the distal tubule epithelium lining the dilated lumen (Figs 7 and 8) , and multinuclear giant cells were sporadically seen in the epithelium of undilated distal tubules (Fig. 9) . These renal changes in CD-l mice were more noticeable at l2WAI and in mice showing a marked elevation of blood glucose level. Table 1 shows the incidence of microscopic lesions of the pancreas, liver and kidneys in SZ-treated mice.
Heart. Almost all DBA/2N mice had severely calcified lesions with subsequent organization in the right ventricular myocardium. The incidence and severity of such cardiac lesions in the SZ-treated Lungs and spleen. There were no histopathological changes in the lungs or spleen of any of the animals. 
Discussion
The present data on changes in food and water intake and blood glucose level suggest that female CD-l mice might be more susceptible to SZ than female DBN2N mice, as is the case for males (Rossini el at., 1977) .
The pathology and pathogenesis of pancreatic islet lesions induced in male CD-l mice by multiple injections of a subdiabetogenic dose of SZ have been described in detail by Like el at. (1978) . Similar histopathological findings of the pancreas in the chronic stage were also observed in the female CD-l and DBN2N mice in this study. In addition, the liver and kidneys were also involved in the lesions. The hepatic changes were similar in the two strains of mice and were characterized by hypertrophy of hepatocytes due to an increase in intracytoplasmic Honjo, Doi, Doi & Mitsuoka eosinophilic granules. In some cases, cytoplasmic invagination into hepatocyte nuclei was observed simultaneously.
These hepatic changes were not found in spontaneous diabetes in mice (Shibata, Yasuda & Kobayashi, 1973; Shibata & Yasuda, 1979; Makino el at., 1980; Uchida et ai., 1985) or in SZ-induced diabetes in rats (Arison el at., 1967) , and they differed from the direct hepatotoxic changes such as necrosis and vacuolation caused in mice by a single injection of a large dose of SZ (Levine el at., 1980) . Jones and Hunt (1983) reported that cytoplasmic invagination into hepatocyte nuclei was frequently found in aged rodents. The mice examined in this study were under 20 weeks of age and such changes were never detected in any control mice. As their severity corresponded well with the duration and degree of hyperglycaemia, the present hepatocytic alterations seem to be secondary to persistent metabolic disorders.
Although renal lesions were localized in the distal tubules situated in the cortex for both strains, their histopathological characteristics differed. The most noticeable change in DBN2N mice was the appearance of PAS-positive inclusions in the distal tubule epithelial cells. This change has been described previously in small obese C57BU61 mice (Uchida el ai., 1985) and in SZ-induced diabetes in rats (Rasch, 1984) . Rasch (1984) suggested that hyperglycaemia might cause this alteration.
In contrast, in CD-l mice, luminal dilatation and deformation of epithelial cells in the distal tubules were marked. As in the case of hepatic changes, these renal changes might be secondary to persistent hyperglycaemia.
They differed from the direct acute renal damage produced in the proximal tubule epithelium by a single injection of a large dose of SZ (Levine et ai., 1980) . However, the cause of distal tubule epithelial cell deformation (e.g. multinuclear giant cell formation, high columnar cell transforma- tion) observed in CD-1 mice sacrificed 12WAI cannot be explained by persistent hyperglycaemia alone. In this connection, there still remains the possibility that these changes might be an indication of a delayed type of renal toxicity of SZ as was suggested in rats (Rakieten et al., 1968; Okawa & Doi, 1983) . The piled-up appearance of the epithelial cells might be due to tangential cutting of the deformed tubules caused by marked luminal dilatation rather than a true piling up of cells. Nevertheless, it seems likely that this might not always be the case, because this change occurred in various portions of the epithelia of dilated tubules including those with only a small possibility of tangential cutting.
Furthermore, although in the earlier reports thickening of glomerular mesangium was common in spontaneous diabetes in mice (Shibata, Yasuda & Kobayashi, 1973; Shibata & Yasuda, 1979; Uchida et al., 1985) , this was not observed in the present experiment. It is not known why such a disparity in glomerular findings occurred between spontaneous and SZ-induced diabetes in mice.
Finally, no influence of SZ-induced diabetes on the development of spontaneous cardiovascular lesions in DBN2N mice (Doi et al., 1985; Maeda, Doi & Mitsuoka, 1986) was detected under the present experimental conditions. More prolonged hyperglycaemia might be necessary for the production of such cardiovascular lesions.
